I. INTRODUCTION
The topological disorder introduced in a lattice by dislocations manifests itself in a non-vanishing closing vector of the Burgers circuit /l/ (and thus identifies the dislocation as a topological defect in the lattice 12/) where the closing vector corresponds with the Burgers vector /l/ of the dislocation. The interrelationship between topological disorder by dislocations and the electronic properties of semiconductors in the first instance follows from the fact that the topological disorder for a variety of dislocations leads to dangling bonds in the dislocation cores. These dangling bonds -as proposed by Shockley /3/ long ago -give rise to deep levels in the band gap and hence influence the electrical properties of the material. (For a review of the experiments in this field see, e.g. /4/.) -However, it should be stated that there may exist also other sources of deep levels in the dislocation cores, e.g. extremely stretched bonds /5,6/.
At present the theoretical investigations of the deep electron levels at the dangling, bonds in the dislocation cores inevitably are entangled with the topological disorder in the system: the change in topology brought in by a dislocation prevents one from characterizing (isolated) dislocations in a simple manner by a local pertubation potential /7/ and hence demands elaborated approaches to determine the corresponding deep electron levels.
With regards to this special theoretical methods have been put forward /8,9/. The major part of our contribution shall be devoted to a critical summary and discussion of the present status of these methods and of the results derived therefrom.
In addition to these "short-range" effects of topological disorder in the dislocations cores the global modified topology of a crystal with dislocations -as characterized by the Burgers circuit -also influences the electronic excitations in the system on a "long-range" scale. As realized, e.g. by Kawamura /10/ in his numerical investigations of the scattering of electrons at screw dislocations (in a simple cubic tight-binding model) those parts of an incident plan wave which circumvent the dislocation line on the left hand side and those which pass it on the right hand side exhibit a phase-mismatch when meeting again behind the dislocation which yields a rather strong scattering of the electrons. This behaviour has been put into analogy /10/ with the Bohm-Aharonov-effect /ll/. Recently it has been shown 111
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-E f f e c t s o f t h i s gauge-potential s h a l l be o u t l i n e d i n a f i n a l s e c t i o n o f t h e p r e s e n t c o n t r i b u t i o n .
DEEP LEVEL CALCULATIONS FOR DISLOCATIONS
Since weak-beam e l e c t r o n microscopy i n v e s t i g a t i o n s (e.g., /14,15/) r e v e a l e d t h a t d i s l o c a t i o n s i n t h e diamond and s p h a l e r i t e s t r u c t u r e a r e d i s s o c i a t e d a n t o p 8 r t i a l s we shad1 r e f e r i n t h e f o l l o w i n g i n most cases t o t h e predominating 30 -, 60 -, and 90 -p a r t i a l d i s l o c a t i o n s /16,17/ i n g l i d e s e t c o n f i g u r a t i o n . E x c e l l e n t reviews o f t h e e a r l i e r t h e o r e t i c a l i n v e s t i g a t i o n s o f t h e deep e l e c t r o n l e v e l s a s s o c i a t e d w i t h these d i s l o c a t i o n s have been g i v e n by Jones /8/ and Marklund /18/. With regards t o t h a t here o n l y some general statements about t h e so f a r p u b l s i h e d papers i n t h i s f i e l d s h a l l be g i v e n which m i g h t be o f importance f o r c h a r a c t e r i z i n s r e c e n t and, e v e n t u a l l y , f u t u r e developments.
Although t h e p u b l i s h e d c a l c u l a t i o n s of t h e deep e l e c t r o n l e v e l s a t d i s l o c a t i o n s d i f f e r w i t h many r e s p e c t s they share some general f e a t u r e s i n common:
a ) The l e v e l s i n t r o d 
-When s t u d y i n g t h e deep l e v e l s of uncharged d i s l o c a t i o n s i n elemental semiconductors t h e use o f a o n e -e l e c t r o n approach, i t e m ( c ) , seems t o be no r e s t r i c t i o n . A t charged d i s l o c a t i o n s , however, t h e deep l e v e l s may be s h i f t e d r e l a t i v e t o t h e l o c a l band edges (H. Veth and M. Lannoo, t o be p u b l i s h e d ) which then demands more e l a b o r a t e treatments.
The use o f a o n -e l e c t r o n a p~r o a c h may be a poor approximation, i n p a r t i c u l a r , f o r d i s l o c a t i o n s i n compounds s i n c e t h e r e , as r e a l i z e d i n s u r f a c e model c a l c u l a t i o n s /20/, c h a r g e -t r a n s f e r may occur i n t h e p a r t i a l l y i o n i c bonds which s t r o n g l y may i n f l u e n c e t h e bound-state energy l e v e l s .
D e s p i t e t h e above mentioned s i m i l a r i t i e s t h e c a l c u l a t i o n s presented so f a r d i f f e r a p p r e c i a b l y w i t h some r e s p e c t s : i ) Some o f them /15,8/ make use o f t h e t i g h t -b i n d i n g i n t e r p o l a t i o n scheme ( w i t h e x p o n e n t i a l s c a l i n g under d e f o r m a t i o n s ) , model t h e c r y s t a l w i t h d i s l o c a t i o n by a s p h e r i c a l c l u s t e r o f a l i m i t e d number o f atoms ( t y p i c a l l y 700 t o 1500) around t h e d i s l o c a t i o n core, and determine t h e deep l e v e l s from a c o n t i n u e d -f r a c t i o n d e n s i t y -o f -s t a t e s f o r m u l a t i o n /21/. i i ) Some o f them /9,18/ make use o f t h e t i g h t -b i n d i n g scheme as s t a t e d above b u t a p p l y a s u p e r -c e l l approximation by c o n s i d e r i n g p e r i o d i c arrangements o f p a i r s o f a l t e r n a t e d i s l o c a t i o n s and c a l c u l a t e t h e complete eigen-value s p e c t r a o f these arrangements ( h e r e a l s o a r e c e n t s t u d y / 2 2 / o f d i s l o c a t i o n s i n diamond has t o be mentioned which employs t h e s u p e r -c e l l approach b u t i s based on d i s t a n c e dependent t i g h t -b i n d i n g parameters from m u f f i n -t i n c a l c u l a t i o n s ) . i i i ) Some o f them /23,24/ use a G a u s s i a n -o r b i t a l d e s c r i p t i o n combined w i t h l o c a l atomic m o d e l -p o t e n t i a l s and a p p l y t h e s u p e r -c e l l method.
i v ) F o r completeness here a l s o two i n v e s t i g a t i o n s /25,26/ should be mentioned which c o n s i d e r t h e deep l e v e l s a t d a n g l i n g bonds a l o n g rows o f vacancies and o f h i~h e r vacancy c l u s t e r s i n S i . The method used i n these papers i s based on d e s c r i b i n g t h e d e f e c t s by l o c a l p e r t u r b a t i o n p o t e n t i a l s , an approach h a r d l y t o a p p l y t o d i s l o c a t i o n s because o f t h e a s s o c i a t e d changes i n topology.
The s u p e r -c e l l method a s w e l l as t h e s p h e r i c a l c l u s t e r approach have p a r t i c u l a r m e r i t s b u t on t h e o t h e r hand a r e c h a r a c t e r i z e 
on i n t h e framework o f a o n e -e l e c t r o n bight-hinging p a r a m e t r i z a t i o n o f t h e H a m i l t o n i a n i n a s u p e r -c e l l approach f o r t h e 30 -and 90 -p a r t i a l s . The r e s u l t s depend a p p r e c i a b l y on t h e atomic arrangements and t i g h tb i n d i n g p a r a n e t e r s e t s but, n~v e r t h e l e s, they show some general t r e n d s : ( i ) t h e 8 dangling-bond bands o f t h e 30 -and 90 -p a r t i a l s o f As(g) and Te(g) t y p e a r e p r e d i c t e d t o l i e i n t h e bandgaps below t h e corresponding bands o f Ga(g) resp. Cd(g) t y g e d i s l o c a t i o n s , and ( i i ) i n t h e case o f s c r e w -d i s l o c a t i o n d i s s o c i a t i o n i n t o
30 -p a r t i a l s a s u b s t a n t i a l charge t r a n s f e g should occur Between t h e two p a r t i a l s y i e l d i n g , e.g., f o r CdTe /28/ t h a t t h e 30 Te(g)-and 30 C d ( g ) -p a r t i a l s i n v o l v e d may have n e g a t i v e l y and p o s i t i v e l y charged cores w i t h 1/2 e l e c t r o n ( h o l e ) i n excess p e r dangl i ng bonds.
W i t h regards t o t h e l a t t e r f i n d i n g t h e o n e -e l e c t r o n approach seems t o be a poor approximation. Estimates o f t h e deep e l e c t r o n l e v e l s o f d i s l o c a t i o n s beyond t h e onee l e c t r o n p i c t u r e s have been d e r i v e d by Farvacque and F e r r e /29/ w i t h i n t h e m o l e c u l a ro r b i t a l method /20/ where i n t r a -and i n t e r -a t o m i c Coulomb e f f e c t s and changes i n t h e charge t r a n s f e r w i t h i n t h e p a r t i a l l y i o n i c bonds i s taken i n t o account. The method
has been a p p l i e d t o t h e 60°-shuffle-set-dislocation i n InSb, GaAs, ZnSe and CdTe /29/ y i e l d i n g i n each case t h e e x i s t e n c e o f d a n g l i n g bond s t a t e s i n t h e band gaps. U n f o r t u n a t e l y , r e l i a b l e values f o r t h e l e v e l p o s i t i o n s i n t h e band gaps cannot be deduced from /29/ s i n c e i n t h i s approach t h e b u l k bands a r e b a d l y represented.
C a l c u l a t i o n s combining t h e m o l e c u l a r -o r b i t a l approach w i t h a t i g h t -b i n d i n g band p a r a m e t r i z a t i o n now a r e under way f o r CdTe (M. G r o h l i c h , personal communication).

TIGHT-BINDING -RECURSION APPROACH MAIPITAINING THE TRANSLATION INVARIANCE
I n i t s p r e s e n t form /6/ t h e approach i s based on t h e t i g h t -b i n d i n g i n t e r p o l a t i o n scheme /30/ w i t h e x p o n e n t i a l s c a l i n g o f t h e t i g h t -b i n d i n g parameters under d e f o r m a t i o n as used i n /5,8,9,18/.
W i t h i n t h i s approach t h e " p a r t i a l d e n s i t y of s t a t e s " N ( E , j ) o f s u i t a b l e s t a r t o r b i t a l s I j> i s evaluated by a Lanczos r e c u r s i o n t r e a t m e n t /21/ i n terms o f continued f r a c t i o n s , where ( la>: s t a t i o n a r y s t a t e s o f t h e system). The t r a n s l a t i o n i n v a r i a n c e o f c r y s t a l s k!i t h d i s l o c a t i o n s a l o n g t h e d i s l o c a t i o n l i n e i m p l i e s t h a t t h e e i g e n s t a t e s o f t h e system
can be l a b e l e d b y Bloch wave-vectors k p a r a l l e l t o t h e d i s l o c a t i o n l i n e 131. I n t h e r e c u r s i o n t r e a t y e n t s t a r t -o r b i t a l s a r e used which a r e Bloch-wave l i k e l i n e a r conb ( F i g . l d i s p l a y s a n averaged d e n s i t y o f s t a t e s N(E;k) o b t a i n e d b y averaging over a l l t h e N(E;k)-curves w i t h 90 t o 110 s i g n i f i c a n t r e c u r s i o n steps and i n f i n i t e r e p e t i t i o n o f t h e l a s t c o e f f i c i e n t s i n each case. Note t h a t t h e v a l u e o f t h e bandgap i n m(E;k) c o i n c i d e s w i t h i t s v a l u e i n t h e u n d e r l y i n g t i g h t -b i n d i n g b a n d s t r u c t u r e w i t h o u t any adjustment.)
i n a t i o n s o f sp -nybrides w i t h wave number k a l o n g an i n f i n i t e row o f atoms p a r a l l e l t o t h e d i s l o c a t i o n . Taking advantage o f t h e f a c t t h a t t h e k v a l u e i s m a i n t a i n e d d u r i n g t h e r e c u r s i o n procedure t h u s g i v e t h e p a r t i a l d e n s i t y o f s t a t e s f o r t h i s row o f h y b r i d e s f o r f i x e d v a l u e o f k. Comparison o f t h i s d e n s i t y o f s t a t e s w i t h t h a t of a s i m i l a r l i n e a r combination o f h y b r i d e s i n t h e p e r f e c t l a t t i c e t h e n y i e l d s
By means o f t h i s approach t h e deep e l e c t r o n l e v e l s f o r 30'-, 60°, and 9 0 O -~a r t i a l d i s l o c a t i o n s i n Ge and S i have been e v a l u a t e d /6/ f o r c o r e c o n f i g u r a t i o n s w i t h d a n g l i n g bonds and w i t h r e c o n s t r u c t e d bonds /9,18/ where i n a l l cases t h e atomic arrangements i n t h e d i As f a r as comparison w i t h e a r l i e r c a l c u l a t i o n s a r e p o s s i b l e (e.g. / 9 / ) t h e r e s u l t s a r e i n c l o s e agreement. The u n r e c o n s t r u c t e d 3 0 O -~a r t i a l s s h a l l n o t be considered h e r e s i n c e t h e y seem t o be u n s t a b l e compared w i t h t t ! e i r r e c o n s t r u c t e d v e r s i o n s /9/. s where t h e k-dependence o f t h e l e v e l s t r u c t u r e c o u l d n o t be r e s o l v e d i n t h e e a r l i e t ; c a l c u l a t i o n s . F i g . 3 d i s p l a y s t h e bands o f t h e i n c o m p l e t e l y r e c o n t r u c t e d 60 -p a r t i a l s i n S i and Ge c o n t a i n i n g one row o f w e l l separated d a n g l i n g bonds w i t h d i s t a n c e m a (corresponding t o c o r e s t r u c t u r e F i g . 3 o f Ref. /5/). The bands o r i g i n a t i n g from t h e d a n g l i n g bonds l i e i n t h e lower p a r t o f t h e bandgap near t h e valence band edge and a r e p a r t l y f i l l e d . r e c o n s t r u c t e d 60 -p a r t i a l c o r e s t r u c t u r e has been i n v e s t i g a t e d which c o n t a i n s rows o f p a i r s o f weakly i n t e r a c t i n g dangl i n g bonds wi t h p e r i o d i c i t y a (correspondin? t o F i g . 5 o f Ref. / 5 / ) . I n t h i s case t h e i n t e r a c t i o n between t h e d a n g l i n g bonds w i t h i n each p a i r y i e l d s a s p l i t t i n g of t h e d a n g l i n g bond l e v e l s . As shown i n F i g . 4 f o r S i t h e c a l c u l a t i o n leads t o an empty band i n t h e upper p a r t o f t h e gap (which c o n t a i n s t h e a n t i -b o n d i n g combinations o f t h e d a n g l i n g bond s t a t e s w i t h i n each p a i r ) and a resonance i n t h e valence band ( b i n d i n g combination of t h e d a n g l i n g bonds i n each p a i r ) . Because of t h e l a r g e s e p a r a t i o n o f 6 a between t h e d i f f e r e n t d a n g l i n g bond p a i r s n e i t h e r t h e bound s t a t e s n o r t h e resonances e x h i b i t a n o t i c e a b l e d i s p e r s i o n . have been i n v e s t i g a t e d b y t h e c y l i n d r i c a l c l u s t e r approach /6/. I n these cases p e r i o d i c arrangements o f d e f e c t s have been s t u d i e d where t h e d i s t a n c e s between t h e d e f e c t s a r e chosen so l a r g e t h a t no n o t i c e a b l e i n t e r a c t i o n between t h e d e f e c t s occurs (e-g., no v i s i b l e d i s p e r s i o n i n t h e d e f e c t "bands"). As an example F i g . 5, presents t h e atomic arrangement f o r an a r r a y o f r e c o n s t r u c t i o n d e f e c t s i n t h e 90 -p a r t i a l d i s l o c a t i o n ( o b t a i n e d from l a t t i c e -m o d e l s i m u l a t i o n s f o r S i ) . By t h e r e c u r s i o n method t h e corresponding energy l e v e l i n S i i s found a t E + 0.02 eV ( f o r Ge t h e c a l c u l a t i o n g i v e s a resonance j u s t below t h e t o p o f t h e v a l e x c e band).
S i m i l a r c a l c u l a t i o n s y i e l d f o r t h e d a n g l i n g bond s t a t e o f a r e c o n s t r u c t i o n d e f e c t i n i n t h e ( r e c o n s t r u c t e d ) 3 0 O -~a r t i a l a bound s t a t e l e v e l a t E + 0.17 eV i n S i (Ev + 0.2 eV i n Ge) and f o r t h e d a n g l i n g bond i n a k i n k o f t # e u n r e c o n s t r u c t e d
